NDIR CO2 gas sensor with improved temperature compensation  by Park, JongSeon et al.
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3URF(XURVHQVRUV;;,96HSWHPEHU/LQ]$XVWULD
1',5&2JDVVHQVRUZLWKLPSURYHGWHPSHUDWXUHFRPSHQVDWLRQ
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$EVWUDFW
7KLVSDSHUGHVFULEHVD1RQ'LVSHUVLYH,QIUDUHG1',5&2JDVVHQVRUZLWKDXWRWHPSHUDWXUHFRPSHQVDWLRQLQRUGHU WRDSSO\
+9$& V\VWHPV  7KH GHYHORSHG JDV VHQVRU DPSOLILHV GLIIHUHQWLDOO\ ERWK WKH RXWSXW RI WKHUPRSLOH DQG RXWSXW RI WHPSHUDWXUH
VHQVRU WKDW KDV OLQHDU RXWSXW FKDUDFWHULVWLFV  :LWK GLIIHUHQWLDO DPSOLILFDWLRQ FLUFXLWV WKH RXWSXW YROWDJH RI VHQVRU PRGXOH
DFFRUGLQJ WR WKH &2 FRQFHQWUDWLRQ VKRZV WKH LQGHSHQGHQW WHPSHUDWXUH RXWSXW FKDUDFWHULVWLFV IURP  q& WR  q&  7KH
GHYHORSHGVHQVRUPRGXOHVKRZVrSSPHUURUDWSSPDQGrSSPHUURUDWSSP&2FRQFHQWUDWLRQUHJDUGOHVVRI
WHPSHUDWXUHYDULDWLRQV

3XEOLVKHGE\(OVHYLHU/WG

.H\ZRUGV1RQGLVSHUVLYH,QIUDUHG&2*DV6HQVRU7HPSHUDWXUH&RPSHQVDWLRQ'LIIHUHQWLDO$PSOLILFDWLRQ
,QWURGXFWLRQ
6LQFH WKH LQGRRU DLU TXDOLW\ ,$4 LV UHOHYDQW WR KXPDQZHOOQHVV VR WKH DGHTXDWH YHQWLODWLRQ LV LPSRUWDQW WR
SUHYHQW VHULRXV KHDOWK SUREOHPV OLNH WKH 6LFN +RXVH 6\QGURPH 6+6 DQG 1HZ %XLOGLQJ 6\QGURPH 1%6 >@
,QDGHTXDWHYHQWLODWLRQ LQKRXVHDQGRIILFHDFFXPXODWHVFDUERQGLR[LGH VR LWFDXVHVVRPHIDWLJXHV\PSWRPVZKHQ
WKHFRQFHQWUDWLRQRI&2LVRYHUSSP7KH(8UHLQIRUFHGWRLQVWDOO&2JDVVHQVRUPRGXOHLQWKHUPDOUDGLDWRU
WKDWXVHVIRVVLOIXHOLQRUGHUWRRSHUDWH+HDWLQJ9HQWLODWLRQDQG$LU&RQGLWLRQLQJ+9$&V\VWHPHIIHFWLYHO\DOVR
GHFUHDVH HQHUJ\ FRQVXPSWLRQ DQG WR SUHYHQW WKH DLU SROOXWLRQ UHODWHG LOOQHVV 7KHUHIRUH WKHUH DUH QHHGV RI
PRQLWRULQJ DLU TXDOLW\ WR UXQ+9$& V\VWHP DW WKH RSWLPL]HG FRQGLWLRQ )XUWKHUPRUH WKHQHHGV RI FDUERQ GLR[LGH
VHQVRU LV JHWWLQJPRUH LPSRUWDQW WKDQ HYHU EHIRUH EHFDXVH LWPLJKW KHOS HIIHFWLYH RSHUDWLRQ RI+9$& V\VWHP LQ
DXWRPRWLYH WR DOOHYLDWH WKH µ*UHHQKRXVH (IIHFW¶ DQG HQKDQFH WKH TXDOLW\ RI FDELQ DLU TXDOLW\ E\ XVLQJ 'HPDQG
&RQWUROOHG 9HQWLODWLRQ '&9 V\VWHP >@  &XUUHQWO\ WKHUH DUH WZR PDMRU PHWKRGV IRU PRQLWRULQJ &2
FRQFHQWUDWLRQWKHRQHLVWRXVH1RQ'LVSHUVLYH,QIUDUHG1',5VHQVRUDQGWKHRWKHULVWRDSSO\FHUDPLFWKLFNILOP
JDVVHQVRU>@(YHQWKRXJKWKHWKLFNILOPW\SHLVPRUHDIIRUGDEOHWKDQWKDWRI1',5WKH1',5JDVVHQVRUKDVPRUH
WHFKQLFDODGYDQWDJHVOLNHORQJWHUPVWDELOLW\KLJKDFFXUDF\)XUWKHUPRUHVLQFH1',5W\SHXVHVWKHRSWLFDOVHQVLQJ

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SULQFLSOH 1',5 JDV GHWHFWRU XVXDOO\ XVHV VLOLFRQ WKHUPRSLOH GHWHFWRU ZLWK VSHFLDOO\ GHVLJQHG ,5 ILOWHU DQG WKH
WUDQVPLVVLRQ ZDYHOHQJWK RI ,5 ILOWHU PDWFKHV ZHOO WR WKH DEVRUSWLRQ ZDYHOHQJWK RI WDUJHW JDV LW KDV D KLJKHU
VHOHFWLYLW\LQWKHRSHQDLUFRQGLWLRQ+RZHYHUWKHWKHUPRSLOHGHWHFWRULVYHU\VHQVLWLYHWRWKHYDULDWLRQRIDPELHQW
WHPSHUDWXUHVRWKHWHPSHUDWXUHFRPSHQVDWLRQRI1',5JDVVHQVRULVHVVHQWLDOIRUFRPPHUFLDOSURGXFWVDVWKLFNILOP
JDVVHQVRU LVQHHGHG >@  ,QWKLVSDSHUZHDUHJRLQJ WRSURSRVHDYHU\VLPSOHWHPSHUDWXUHFRPSHQVDWLRQPHWKRG
ZLWKGLIIHUHQWLDOO\DPSOLILHGFLUFXLWDQG,5VHQVRUWKDWKDVDQ$6,&FKLSIRUWKHLQLWLDODPSOLILFDWLRQRIWKHUPRSLOH
GHWHFWRUDQGWHPSHUDWXUHVHQVRUEXLOWLQWKHVDPHSDFNDJH
6LPXODWLRQDQG([SHULPHQWV
6LPXODWLRQRIRSWLFDOVWUXFWXUH
%DVHG XSRQ WKH SUHYLRXV VLPXODWLRQ UHVXOWV >@ZH KDYH EXLOW D1',5&2 JDV VHQVRUPRGXOHZLWK D XQLTXH
RSWLFDOFDYLW\VWUXFWXUH)LJXUHVKRZVWKHFRQFHSWGHVLJQRIRSWLFDOVWUXFWXUHDQGWKH,5UD\GLVWULEXWLRQRQWRWKH
WKHUPRSLOHILOWHUDUHDDQGWKHSHUVSHFWLYHYLHZRIVROLGPRGHOLQJ
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
)LJ2SWLFDOVWUXFWXUHRI1',5JDVVHQVRUDEDVLFFRQFHSWEVLPXODWLRQUHVXOWRILQFRPLQJ,5UD\RQWRILOWHUDUHDFWKHSHUVSHFWLYHYLHZ
RIVROLGPRGHOLQJ

$V FDQ EH VHHQ LQ)LJ  D WKH ,5EHDPUDGLDWHG IURP WKH ORZHU OHIW FRUQHU UHIOHFWV ILYH WLPHVDW WKHPLUURU
VXUIDFHVDQGSDVVHV WKURXJK WKHDSHUWXUH ORFDWHGRQWKHXSSHUOHIW VLGHRIRSWLFDO VWUXFWXUH 7KH ,5 UD\ LUUDGLDWHV
RQWRWKHGHWHFWRUVLGHXQLIRUPO\DVVKRZQLQ)LJEDQGVROLGPRGHOLQJRIFDYLW\VWUXFWXUHLVVKRZQLQ)LJF
([SHULPHQWDOVHWXSDQGH[SHULPHQWV
)LJXUHVKRZV WKHEORFNGLDJUDPDQGDSKRWRRIGHYHORSHGVHQVRUPRGXOH $VVKRZQLQ)LJXUH DQHZO\
GHYHORSHG1',5&2 JDV VHQVRUPRGXOH FRQVLVWV RI ILYHPDLQ FRPSRQHQWV 7KH ILUVW LV D XQLTXH RSWLFDO FDYLW\
VWUXFWXUH ZLWK WZR FRQFDYH PLUURUV PRGHOHG DERYH DQG WKHUPRSLOH GHWHFWRU DQG $6,& FKLS LPSOHPHQWHG ZLWK
WHPSHUDWXUHVHQVRUDQGLQLWLDODPSOLILFDWLRQRIHDFKRXWSXWYROWDJHV7KHVHFRQGRQHLVWKHGLIIHUHQWLDODPSOLILFDWLRQ
FLUFXLWZKLFKDPSOLILHVGLIIHUHQWLDOO\WKHRXWSXWYROWDJHRIWKHUPRSLOHDQGRXWSXWYROWDJHRIWHPSHUDWXUHVHQVRUWKDW
KDVOLQHDURXWSXWFKDUDFWHULVWLFVDVDIXQFWLRQRIWHPSHUDWXUH7KHWKLUGRQHLV,5ODPSPRGXODWLRQSDUWWKH,5ODPS
LVWXUQHGRQIRUPVLQRUGHUWRVWDELOL]HWKHRXWSXWYROWDJHRIWKHUPRSLOHGHWHFWRUDQGWXUQHGRIIGXULQJVHFWR
GLPLQLVKWKHDEVRUEHGWKHUPDOHQHUJ\DWWKHWKHUPRSLOHGHWHFWRUGXULQJWKHLUUDGLDWLRQRI,5EHDP6LQFHWZRRXWSXW
YROWDJHV WKHUPRSLOH DQG WHPSHUDWXUH VHQVRU DUH LPSRUWDQW IDFWRUV WR ILJXUH RXW WHPSHUDWXUH FKDUDFWHULVWLFV RI
GHYHORSHGVHQVRUPRGXOHZHXVH0LFUR&RQWURO8QLW0&8$'8&WKDWKDVELWVLJPDGHOWD$'FRQYHUWHU
 N IODVKPHPRU\ DQG  ELW '$ FRQYHUWHU DQG0&8 JHQHUDWHV D VLJQDO IRU PRGXODWLQJ ,5 SXOVH  6LJQDOV
GLIIHUHQWLDOO\DPSOLILHGWKHUPRSLOHRXWSXWYROWDJHVDQGDPELHQWWHPSHUDWXUHVHQVRURXWSXWYROWDJHVFRQYHUWHGIURP
WKHGDWDRIWHPSHUDWXUHVHQVRUDUHGLVSOD\HGRQWRWKHPRQLWRUDQGVWRUHGLQWKHDOORFDWHGIROGHURIFRPSXWHUWKURXJK
56  FRPPXQLFDWLRQ SRUW IRU IXUWKHU XQGHUVWDQGLQJ WKH VHQVRU PRGXOH DQG IRU ILJXULQJ RXW WKH WHPSHUDWXUH
FKDUDFWHULVWLFVRIGHYHORSHGVHQVRUPRGXOH$IWHUDVVHPEOLQJILYHPDLQFRPSRQHQWVRQWR3&%DVVKRZQLQ)LJXUH
 
D E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EZHSXWWKHVHQVRUPRGXOHLQWRWKHJDVFKDPEHUDQGWHVWHGLW,QRUGHUWRPRQLWRUWKHLQMHFWHGJDVFRQFHQWUDWLRQ
SUHFLVHO\ZHKDYHDOVRFRQQHFWHGDJDVFROOHFWLQJSLSHOLQHWRSKRWRDFRXVWLFPXOWLJDVDQDO\]HU,129$DQG
WKHFROOHFWHGJDVIURPWKHFKDPEHUKDVEHHQDQDO\]HGLQVLWXDQGZHKDYHOHWWKHJDVFLUFXODWHIURPDQDO\]HUWRWKH
JDV FKDPEHU DIWHUPHDVXULQJ WKH JDV FRQFHQWUDWLRQ 0)&FRQWUROV WKH LQMHFWLRQTXDQWLW\ RI&2 JDV WKURXJK WKH
FRPPDQGRIPDLQFRPSXWHUDQGWKHPDQLSXODWHGFRQFHQWUDWLRQJRHVIURPSSPWRWDUJHWFRQFHQWUDWLRQSSP
RUSSPLQVRPHFDVH7KHFRQVWDQWWHPSHUDWXUHDQGKXPLGLW\FKDPEHUXVHGLQWKLVUHVHDUFKFDQFRQWUROWKH
WHPSHUDWXUHZLWKLQrq&RIWDUJHWYDOXHDQGWKHUHODWLYHKXPLGLW\OHYHOLVVHWDURXQG5+ZLWKr5+
DFFXUDF\$IWHUORDGLQJWKHGHYHORSHGVHQVRUPRGXOHLQWRJDVFKDPEHUZHKDYHWHVWHGLWIURPq&WRq&ZLWK
q&VWHSVLQRUGHUWRILJXUHRXWWKHWHPSHUDWXUHFKDUDFWHULVWLFV
 
DE
)LJ1',5&2JDVVHQVRUPRGXOHDVLJQDOFRQGLWLRQLQJEORFNGLDJUDPEGHYHORSHG&2JDVVHQVRU
([SHULPHQWDOUHVXOWV
)LJXUH D LV WKHRXWSXWYROWDJHFKDUDFWHULVWLFVRIGLIIHUHQWLDOO\DPSOLILHGWKHUPRSLOHDVD IXQFWLRQRI LQMHFWHG
FDUERQ GLR[LGH FRQFHQWUDWLRQ PHDVXUHG E\ D SKRWRDFRXVWLF PXOWLJDV DQDO\]HU  $V LQFUHDVLQJ WKH LQMHFWHG JDV
FRQFHQWUDWLRQ WKH RXWSXW YROWDJHV VHHP WR EH GHFUHDVHG H[SRQHQWLDOO\  $IWHU DQDO\]LQJ WKH GDWD UHFHLYHG IURP
VHQVRUPRGXOH HDFK RXWSXW YROWDJH FKDUDFWHULVWLF FXUYH FDQ EH ILWWHGZLWK WKUHH WHPSHUDWXUH FRHIILFLHQWV OLVWHG LQ
7DEOHDWHDFKWHPSHUDWXUHDQGDOVRFDQEHGHVFULEHGZLWKWKHH[SHULPHQWDOHTXDWLRQ7KHGLIIHUHQWLDOO\DPSOLILHG
RXWSXWYROWDJH\FDQEHH[SRQHQWLDOO\ILWWHGWRWKHFRQFHQWUDWLRQRI&2DQGLWFDQEHGHVFULEHGDVEHORZHTXDWLRQ

\ \RDH[SE[                                                                                                                        

ZKHUH\R LVRIIVHWYROWDJHRIVHQVRUPRGXOHDWQHDUO\LQILQLWH&2FRQFHQWUDWLRQD LVWKHRWKHURIIVHWYROWDJHRI
VHQVRUPRGXOHDWSSPJDVFRQFHQWUDWLRQE LVDJDVDEVRUSWLRQUHODWHGFRHIILFLHQWDQG[ LV WKHFRQFHQWUDWLRQRI
LQMHFWHGJDV
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
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)LJ&KDUDFWHULVWLFVRI&2JDVVHQVRUPRGXOHDRXWSXWYROWDJHVDVDSDUDPHWHURIDPELHQWWHPSHUDWXUHEFRPSDULVRQRIPHDVXUHGJDV
FRQFHQWUDWLRQWRPXOWLJDVDQDO\]HUFURRPWHPSHUDWXUHDFFXUDF\RIGHYHORSHGVHQVRUPRGXOHDWSSPFRQFHQWUDWLRQ
  
D 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)URPWKHRXWSXWYROWDJHFKDUDFWHULVWLFVRIGHYHORSHGVHQVRUPRGXOHVKRZQLQ)LJDZHFDQVHHWKDWWKHUHLV
PRUHWKDQrSSPYDULDWLRQDWWKHVDPHRXWSXWYROWDJHVDVDSDUDPHWHURIDPELHQWWHPSHUDWXUH6RHYHQWKRXJK
WKHGHYHORSHGVHQVRUPRGXOHXVHGWKHGHWHFWRUZKLFKLVLQLWLDOO\WHPSHUDWXUHFRPSHQVDWHG$6,&FKLSLWLVHVVHQWLDO
WR LPSOHPHQW WKH WHPSHUDWXUHFRPSHQVDWLRQ DOJRULWKP IRU KLJKHU DFFXUDF\ LUUHOHYDQW WR WKH DPELHQW WHPSHUDWXUH
YDULDWLRQ %\ IRUPXODWLQJ WKUHHFRHIILFLHQWVOLVWHG LQ7DEOH WKHUHODWHGHTXDWLRQVDUHSURJUDPPHG LQWR0&8WR
PHDVXUHWKHWHPSHUDWXUHLQGHSHQGHQWFRQFHQWUDWLRQRIFDUERQGLR[LGHH[DFWO\
7DEOH7HPSHUDWXUHFRHIILFLHQWVRIGHYHORSHGVHQVRUPRGXOHGHULYHGIURPWKHILWWLQJFXUYHVRIH[SHULPHQWDOUHVXOWV

)LJXUHEVKRZVWKHFRPSDULVRQUHVXOWRIJDVFRQFHQWUDWLRQPHDVXUHPHQWEHWZHHQFRPPHUFLDOL]HGPXOWLJDV
DQDO\]HU DQG WHPSHUDWXUHFRPSHQVDWHG VHQVRUPRGXOH WKDW LV GHYHORSHG LQ WKLV VWXG\ DW URRP WHPSHUDWXUH  7KH
FDUERQ GLR[LGH KDV EHHQ LQMHFWHG LQWR JDV FKDPEHU ZLWK  SSP VWHSV DQG WKH PHDVXUHPHQW ZDV FRQGXFWHG
FRQWLQXRXVO\ IURPSSPWRSSP7KHUHVXOWVVKRZ WKDWWKHJDVFRQFHQWUDWLRQVPHDVXUHGE\WKHGHYHORSHG
VHQVRUPRGXOHDUHDOPRVWWKHVDPHDVWKRVHRIJDVDQDO\]HU

)LJXUHFGHSLFWVWKHGHWDLOHGPHDVXUHPHQWRI&2FRQFHQWUDWLRQE\WKHGHYHORSHGVHQVRUPRGXOHLQRUGHUWR
VXUYH\WKHDFFXUDF\RIPHDVXUHPHQWDWq&6LQFHWKHGHYHORSHGVHQVRUPHDVXUHVWKHJDVFRQFHQWUDWLRQDOPRVW
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